Gene amplification is inducible in mammalian cells by incremental exposure to cytotoxic drugs and is often accompanied by the appearance of anomalous chromosomes. Resistance to methotrexate (MTX) by overproduction ofdihydrofolate reductase (DHFR; tetrahydrofolate dehydrogenase; EC 1.5.1.3) results from amplification of the DHFR gene copy number in murine cells (1) . A chromosomal entity, the homogeneously stained region (HSR), has sometimes been observed in association with drug resistance (2) and shown to be the site of gene amplification (3) . Another chromosomal counterpart of amplified gene function is the double minute chromosome fragment (DM), a structural alternative to the HSR within a cell population (4) . The DM lacks a centromere and is unstable, whereas the HSR, integrated into a centric chromosome, replicates and segregates normally with cell division (5) . Both chromosomal anomalies have been observed in human tumor cells, usually without precise identification of the gene product (2, 6) .
We have induced HSR formation in a human tumor-derived cell line by exposure to increasing concentrations of MTX. We found a quantitative relationship between increased DHFR production and a series ofchromosomal events which included both numerical and structural modifications. The region ofgain and HSR formation suggests possible localization for a human DHFR gene (dhfr). The stability of drug resistance and relatively low gene copy numbers associated with HSR in these human cells differ from results in rodent cell systems (7, 8) .
The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 (11) . These fragments were separated on agarose and polyacrylamide gels: isolation ofrestriction fragments was performed by electroelution onto dialysis membranes for agarose gels (12) and then by excision and elution (13) for polyacrylamide gels.
For estimation of DNA copy numbers, high molecular weight DNA was extracted from the cells by protease K treatment and phenol/chloroform extraction (14) . Known amounts (at least three different amounts for each DNA, ranging from 0.2 to 4 jig) were heat-denatured and spotted onto nitrocellulose paper (15) . Hybridization with the 32P-labeled probe was performed at 650C for 16 hr in 0.9 M NaCl/3 mM NaH2PO4, pH 7.0/0.3 mM EDTA/0.5% NaDodSO4 with a 20-fold excess of bacteriophage T4 DNA added (16) . After NaDodSO4 gel, and the specific activity after purification is 60 units/mg of protein (10) . Each clone, judged by NaDodSO4 electrophoresis, shows no apparent differences in protein profile except for DHFR. Kinetic properties of enzyme from the three sources are identical in substrate utilization, MTX binding, and isoelectric focusing (at pH 7.3). In these respects this DHFR differs from murine DHFR derived from the S 180 line (10) . Therefore, the resistant clones of KB appear to produce increased amounts of unaltered human DHFR.
The uncloned parental karyotype is near triploid with several well-known HeLa marker chromosomes (17 (Fig. 1) . The arms are mirror images of one another, suggesting that the marker arose by isochromosome formation (misdivision at the centromere) (18) . C banding demonstrated two small centromeric masses, each similar to that of a normal chromosome 10 from the same cell. At (22) .
Chromosomal events provided means for increase in a specific subchromosomal region coincident with increasing drug resistance. The apparent sequence in these experiments began with increase in the number of chromosomes (no. 10) or partial chromosomes (10q) presumed to bear relevant information. As drug resistance increased, a HSR appeared (10q26), followed by formation of an isochromosome, doubling the HSR, and finally, selection for additional HSR-bearing chromosomes.
The assignment ofa human dhfr to the HSR locus is tentative for several reasons. Localization of amplified dhfr genes in the hamster is not entirely uniform (8) . It has been suggested that 19 ) chromosomes (although its enzymic properties are not fully defined) (24) . Furthermore, the human dhfr family is complex and probably includes four loci (25) . In other species massive increases in gene copy (50-to 200-fold) accompany HSR formation (26) . The amplified murine unit is known to be much larger in size than the dhfr (20, 27) , but the discrepancy between the number of gene copies and the amount of HSR is much greater in this human system than has been described previously.
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